Submikroskopisch morfologische veranderingen in de embryozak van Petunia in verband met de bevruchting by Went, J.L. van
PDF hosted at the Radboud Repository of the Radboud University
Nijmegen
 
 
 
 
The following full text is a publisher's version.
 
 
For additional information about this publication click this link.
http://hdl.handle.net/2066/147786
 
 
 
Please be advised that this information was generated on 2018-07-07 and may be subject to
change.
SUBMIKROSKOPSCH 
MORFOLOGISCHE 
VERANDERINGEN 
NDE 
EMBRYOZAK 
JlvanWENT 

SUBMIKROSKOPISCH MORFOLOGISCHE VERANDERINGEN 
IN DE EMBRYOZAK VAN PETUNIA IN VERBAND 
MET DE BEVRUCHTING 
P R O M O T O R : P R O F . D R . H . F . L I N S K E N S 
C O - R E F E R E N T : D R . M . M . A . S A S S E N 
SUBMIKROSKOPISCH MORFOLOGISCHE 
VERANDERINGEN IN DE EMBRYOZAK 
VAN PETUNIA IN VERBAND MET DE 
BEVRUCHTING 
PROEFSCHRIFT 
TER VERKRIJGING VAN DE GRAAD 
VAN DOCTOR IN DE WISKUNDE EN NATUURWETENSCHAPPEN 
AAN DE KATHOLIEKE UNIVERSITEIT TE NIJMEGEN, 
OP GEZAG VAN DE RECTOR M A G N I F I C U S 
MR. W. С L. VAN DER GRINTEN, 
HOOGLERAAR IN DE FACULTEIT DER R E C H T S G E L E E R D H E I D , 
VOLGENS BESLUIT VAN DE SENAAT 
IN HET OPENBAAR TE VERDEDIGEN 
OP D O N D E R D A G 22 APRIL 1971, DES N A M I D D A G S TE 4 UUR 
DOOR 
JACOBUS LEONARDUS VAN WENT 
GEBOREN TE VENLO 
H. VEENMAN EN ZONEN N.V. - WAGENINGEN - 1971 
Allen die hebben bijgedragen tot de totstandkoming van dit proefschrift, dank 
ik hartelijk voor hun medewerking. 
Aan mijn ouders 
Aan Helmy 
Reprints from: 
Acta Bot. Neerl. 19 (1970) 121-132 
Acta Bot. Neerl. 19 (1970) 313-322 
Acta Bot. Neerl. 19 (1970) 468^180 
INLEIDING 
Over de morfologie van de embryozak. van de angiospermen, de sterk geredu-
ceerde vrouwelijke gametophyt, bestaat een zeer uitgebreide literatuur. Het 
merendeel daarvan is gebaseerd op lichtmikroskopisch onderzoek1-4, slechts 
een gering aantal plantesoorten is ook met het elektronenmikroskoop onder-
zocht5-11 . 
A. DE MEGAGAMETOGENESE 
De megagametogenese, de ontwikkeling van de embryozak, kan op verschillende 
manieren plaats vinden1-4: 
1. Het aantal megasporen, respektievelijk megasporekernen dat aan de vorming 
van de embryozak deelneemt, kan variëren. 
2. Het aantal kerndelingen tijdens de megagametogenese kan verschillen. 
3. Tijdens de megagametogenese kan een aantal haploïde kernen met elkaar 
versmelten. 
4. Het aantal cellen dat in de embryozak gevormd wordt, kan variëren. 
5. Gevormde cellen kunnen degenereren. 
Bij de meeste van de onderzochte plantesoorten ontwikkelt de embryozak 
zich volgens het zogenaamde "Polygonum" of "Normale" type. Bij dit ontwik-
kelingstype ontstaan uit de megasporemoedercel, na een reduktiedeling, vier 
megasporen. Hiervan gaan er drie te gronde. De kern van de overblijvende 
megaspore ondergaat drie delingen, zodat er uiteindelijk acht haploïde kernen 
aanwezig zijn in de megaspore. Deze achtkernige cel splitst zich op in zeven cel-
len, waarvan er één twee kernen bevat en de overige elk één. 
B. DE LICHTMIKROSKOPISCHE MORFOLOGIE VAN DE EMBRYOZAK 
De volwassen embryozak blijkt bij praktisch alle plantesoorten, ondanks de 
verschillende vormingswijzen, op ongeveer dezelfde manier te zijn gebouwd1-4. 
In de onderstaande beschrijving van de embryozak wordt met top steeds de naar 
de mikropyle gerichte zijde en met basis de naar de chalaza gerichte zijde be-
doeld. 
In de top van de embryozak bevindt zich het eiapparaat, dat bestaat uit de 
haploïde eicel en twee haploïde Synergiden. Het grootste en centraal gelegen ge-
deelte van de embryozak wordt ingenomen door de centrale cel, die een variabel 
aantal kernen kan bevatten. Aan de basis van de embryozak bevinden zich de 
antipoden, waarvan het aantal kan variëren. 
De eicel bezit meestal een langgerekte vorm. Ze is bijna volledig gevuld met 
Vakuolen en bevat betrekkelijk weinig cytoplasma, dat wandstandig is. De eikern 
bevindt zich steeds aan de basis van de cel. 
Ook de Synergiden bezitten, evenals de eicel, een langgerekte vorm. Ken-
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merkend voor de Synergiden is dat Vakuolen alleen voor komen in de chalazale 
helft van de cel, terwijl de mikropylaire helft altijd gevuld is met cytoplasma. 
De synergidekern bevindt zich steeds in het celgedeelte juist boven de Vakuolen. 
Bij vele angiospermen bevindt zich tussen de toppen van de Synergiden een 
sterk lichtbrekende struktuur, die als "Fadenapparat" (FA), "Synergidenkappe" 
of "Filiformous structure" aangeduid wordt. STRASBURGER12 nam met het 
lichtmikroskoop een lengtestreping waar in het FA, die volgens hem veroor-
zaakt werd door fijne plasmakanaaltjes. HABERMANN13 daarentegen zag een 
netvormige struktuur en veronderstelde dat het FA bestond uit kleine "kamer-
tjes". 
De centrale cel neemt in de embryozak het grootste volume in. Het merendeel 
van het cytoplasma bevindt zich, met de kern(en), in de top van de cel. 
Het aantal antipoden kan, evenals hun struktuur en vorm, sterk variëren. In 
vele gevallen degenereren de antipoden reeds tijdens de vorming van de embryo-
zak. 
De embryozak van Petunia is in 1946 door COOPER14 lichtmikroskopisch 
onderzocht. De embryozak van Petunia ontwikkelt zich volgens het "Polygonum" 
type. De door Cooper beschreven morfologie van de volwassen embryozak van 
Petunia komt in grote trekken overeen met het boven geschetste beeld. Volgens 
Cooper ontbreekt echter bij Petunia een FA, maar bevindt zich tussen de toppen 
van de Synergiden een holte. Daarnaast is opvallend dat bij Petunia de centrale 
cel zeer veel zetmeel bevat. 
С DE SUBMIKROSKOPISCHE MORFOLOGIE VAN DE EMBRYOZAK 
Op elektronenmikroskopisch niveau blijken de diverse celtypen in de embryo­
zak een verschillende struktuur te bezitten 6 - 1 1 . 
De eicel heeft relatief de eenvoudigste struktuur6- s · 9 · l l . Het aantal orga-
nellen is gering en ze liggen willekeurig verspreid in het cytoplasma. Uit hun 
waarnemingen leiden de verschillende onderzoekers af, dat de volwassen eicel 
in een rusttoestand verkeert en slechts een geringe metabolische aktiviteit bezit. 
De wand rond het chalazale gedeelte van de eicel blijkt zeer dun te zijn en 
plaatselijk zelfs te ontbreken. 
De Synergiden zijn in vergelijking met de overige cellen van de embryozak het 
meest komplex gestruktureerd6, 7 · 9 · 1 0. Ze bevatten een groot aantal mito-
chondriën, plastiden en dictyosomen, een grote hoeveelheid endoplasmatisch 
reticulum en zijn rijk aan ribosomen. De organelkoncentratie is het hoogst in 
het celgedeelte nabij het FA en neemt in de richting van de basis af. 
Het elektronenmikroskopisch onderzoek heeft verder aangetoond dat het 
FA een, vaak grillig gevormde verdikking van de celwand tussen de toppen van 
de Synergiden is. Plasmadraden of "kamertjes" werden in het FA niet waarge-
nomen; de door STRASBURGER12 en HABERMANN13 waargenomen strukturen zijn 
waarschijnlijk het gevolg van het grillig gevormde oppervlak van het FA. De 
celwandgedeelten rond de chalazale delen van de Synergiden blijken, evenals bij 
de eicel, zeer dun te zijn of plaatselijk te ontbreken. 
8 
De submikroskopische struktuur van de centrale cel is in het algemeen minder 
komplex dan die van de Synergiden, doch aanzienlijk komplexer dan die van de 
eicel. Zowel het aantal, als de vorm van de diverse organeilen zijn bij de onder-
zochte plantesoorten verschillend. 
Het boven beschreven basispatroon werd bij alle, tot nu toe onderzochte plante-
soorten waargenomen, ondanks het feit dat er tussen de diverse soorten grote 
strukturele verschillen bestaan. De submikroskopische struktuur van de antipo-
den is bij de elektronenmikroskopische onderzoeken steeds buiten beschouwing 
gelaten. 
D. HET VERLOOP VAN DE BEVRUCHTING 
Het voor komen van dubbele bevruchting is voor de angiospermen kenmerkend '. 
Via de pollenbuis worden twee spermacellen naar de embryozak getranspor-
teerd. Eén van de spermacellen bevrucht met de eicel, de andere bevrucht met de 
centrale cel. Onze kennis van de wijze waarop de bevruchting tot stand komt is 
nog verre van volledig. Het schijnt dat een aantal inleidende processen van de be-
vruchting bij diverse plantesoorten verschillend is. Dit blijkt althans, wanneer 
men de talrijke lichtmikroskopische waarnemingen die in de literatuur beschre-
ven zijn, met elkaar vergelijkt. 
Vele onderzoekers hebben waargenomen dat de pollenbuis één van de Syner-
giden binnendringt en zijn inhoud in deze synergide uitstort1 (a). Anderen echter 
menen uit hun waarnemingen te moeten afleiden dat de pollenbuis de sperma-
cellen rechtstreeks naar de eicel en de centrale cel transporteert en aan deze 
cellen doorgeeft1,14 (b). Daarnaast zijn er plantesoorten die in hun embryozak 
geen Synergiden bezitten of waarbij de Synergiden reeds voor de aankomst van 
de pollenbuis degenereren3· 4 (c). 
Reeds in 1884 werd door STRASBURGI-R12 de hypothese geponeerd, dat de 
Synergiden stoffen produceren en uitscheiden die een chemotropische werking 
hebben op de pollenbuis. Het FA zou daarbij als sekretiecentrum fungeren. 
Deze hypothese werd door velen aangehangen, voornamelijk op grond van de 
onder (a) genoemde waarnemingen. Dat er werkelijk sekretie van chemotro-
pisch aktieve stoffen plaats vindt, is slechts voor enkele plantesoorten aange-
toond, én slechts voor volledige zaadknoppen15· 16. De tegenstanders van 
Strasburger's hypothese vinden hun argumenten in de onder (b) en (c) vermelde 
waarnemingen. 
Bij alle, elektronenmikroskopisch onderzochte plantesoorten heeft men waar-
genomen dat de pollenbuis door het FA groeit en één van de Synergiden pene-
treert6· 1 0 · I 7 · 18. Na het penetreren stopt de pollenbuisgroei en ontstaat een 
opening in de wand aan de top van de buis. Vervolgens stort de pollenbuis zijn 
inhoud in de synergide. Deze waarnemingen zijn voor de diverse onderzoekers 
voldoende aanleiding om de hypothese van STRASBURGER12 over de funktie van 
de Synergiden, te steunen. Temeer omdat volgens hen uit de submikroskopische 
morfologie van de Synergiden blijkt, dat deze juist voor de aankomst van de 
pollenbuis bijzonder aktief zijn6- 7· 9· 10. 
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De wijze waarop het transport van de spermacellen in de - door de pollenbuis 
gepenetreerde - synergide plaats vindt, is nog onbekend. 
Eveneens onopgehelderd zijn de volgende vragen: 
1. Dringen de spermacellen in hun geheel of alleen hun kernen met eventueel 
hun cytoplasma de vrouwelijke gameten binnen? 
2. Op welke wijze dringen de spermacellen, respektievelijk spermakernen de 
vrouwelijke gameten binnen? 
Enerzijds zijn er onderzoekers die uit hun lichtmikroskopische waarnemingen 
konkluderen dat de spermacellen in hun geheel de eicel en de centrale cel binnen 
komen19. Anderen1 echter menen uit hun waarnemingen te kunnen afleiden dat 
alleen de spermakernen penetreren. Zij vinden namelijk in de-door de pollenbuis 
gepenetreerde - synergide twee sterk kleurbare lichaampjes, de zogenaamde "X-
bodies". Volgens hen zijn deze "X-bodies" de gedegenereerde cytoplasmaresten 
van de spermacellen. Recent onderzoek20 heeft echter aangetoond dat de "X-
bodies" de gedegenereerde resten van de synergidekern en de vegetatieve pollen-
kern zijn. 
Het elektronenmikroskopisch onderzoek van JENSEN21 naar het verloop van 
de kernversmeltingen bij Gossypium heeft aangetoond, dat er naast de sperma-
kernen ook spermacytoplasma in de vrouwelijke gameten terecht komt. Het 
versmelten van de kernen bleek namelijk te worden ingeleid door een fusie-
proces tussen het ER van de vrouwelijke en mannelijke gameet. 
In 1968 poneerde LINSKENS22 de hypothese dat de spermacellen de vrouwe-
lijke gameten niet binnendringen, maar er mee versmelten. De wand en plasma-
braan van de spermacel zouden uiteindelijk een deel vormen van de wand en de 
plasmamembraan van het versmeltingsprodukt. Deze hypothese is gebaseerd op 
de volgende elektronenmikroskopische waarnemingen: 
1. De spermacelwanden zijn zowel in de zygote, de primaire endospermcel als 
in de - door de pollenbuis gepenetreerde - synergide niet terug te vinden. 
2. Er dringt nooit cytoplasma van de - door de pollenbuis gepenetreerde -
synergide binnen in de eicel en de centrale cel. 
3. In geen enkel bevruchtingsstadium zijn, met uitzondering van één omstreden 
geval11, openingen waargenomen in de celwanden van de eicel en de centrale 
cel. 
Bij Petunia groeit volgens COOPER1* de pollenbuis tussen de toppen van de 
Synergiden en de eicel door de embryozak binnen. De buis zou doorgroeien tot 
aan de basis van de eicel, zonder één van de Synergiden te penetreren. Vervolgens 
zouden er aan de top van de buis twee vertakkingen ontstaan waarlangs de 
spermacellen naar de eicel en de centrale cel getransporteerd zouden worden. 
De diverse elektronenmikroskopische onderzoeken hebben aangetoond dat 
er spoedig na het tot stand komen van de dubbele bevruchting, belangrijke 
strukturele veranderingen optreden in de gevormde zygote en primaire endo-
spermcel9· 11' 23· 24· 25. Het aantal organellen, hun vorm én hun lokalisatie in 
de cellen bleken te veranderen. Opvallend is dat de struktuurveranderingen het 
snelst optreden in de primaire endospermcel en pas veel later in de zygote. 
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E. VRAAGSTELLING 
Onze kennis van het verloop van de bevruchting en de daarmee gepaard gaande 
strukturele veranderingen is, ondanks de talrijke onderzoeken die hebben plaats 
gevonden, nog verre van volledig. Doel van dit onderzoek is het verzamelen van 
gegevens die kunnen bijdragen tot een beter inzicht in de wijze waarop bij de 
angiospermen de dubbele bevruchting tot stand komt. 
Petunia werd als objekt van onderzoek gekozen op grond van de volgende 
overwegingen: 
1. Morfologische aspekten van de bevruchting bij Petunia werden reeds eerder 
lichtmikroskopisch onderzocht14. De resultaten van dit onderzoek waren van 
dien aard dat een elektronenmikroskopisch onderzoek verantwoord leek. 
2. Van Petunia is gedurende het hele jaar materiaal beschikbaar. 
3. De afmetingen van de zaadknoppen van Petunia zijn optimaal voor het ver-
richten van elektronenmikroskopisch onderzoek. 
4. De konstante vorm van de zaadknoppen van Petunia maakt het mogelijk een 
zaadknop, voor het snijden met het ultramikrotoom, te oriënteren. 
5. In het Botanisch Laboratorium van de Universiteit te Nijmegen worden ook 
andere aspekten van de bevruchting bij Petunia onderzocht. Het elektronen-
mikroskopisch onderzoek van de embryozak en het verloop van de bevruch-
ting betekende een kompletering. 
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THE ULTRASTRUCTURE OF THE SYNERGIDS 
OF PETUNIA 
J. L. VAN WENT 
Botanisch Laboratorium, Univcrsteit, Nijmegen 
SUMMARY 
The synergids of Peinnia show a number of changes in size, shape and ultrastructure during 
anthcsis. Before anthesis, the immature synergids are small cells with a rather simple ultra-
structure. During anthesis, they greatly enlarge. 
Between the tops of »he synergids a filiform apparatus is formed The numbers of mito­
chondria and dictyosomes increase, whereas the number of plaslids does not. The mature 
synergids contain an extensive rough ER. From the ultrastructural data, the author concludes 
that the metabolic activity in the synergids increases sharply during anthesis The mature 
synergids arc proposed to produce and secrete substances which direct the growth of the 
pollen tube. 
1. INTRODUCTION 
The synergids have been studied in a great number of species since their 
discovery (cf. MAHESHWARI 1950). Γη most species, they are elongated cells 
with a polar distribution of the cytoplasm. The micropylar parts of the cells 
are frequently occupied by a filiform apparatus. However, in his light micro­
scopical study of Petunia COOPER (1946) described the presence of a cavity 
between the tops of the synergids. 
Little was known about the ultrastructure of the synergids until 1964. A few 
reports have appeared since (VAN DLR PLUIJM 1964; J I N S E N 1965; DIBOLL & 
LARSON 1966; S C H U L Z & JENSEN 1968), which show that the synergids are 
highly differentiated cells with a complex ultrastructure. 
Many hypotheses have been postulated on the function of the synergids 
(VAZART 1958). Most authors assume that the synergids are directing the 
growth of the pollen tube. VAN DER PLUIJM (1964) and DIBOLL & LARSON (1966) 
inferred from their results that the synergids probably produce and secrete 
chcmotropical active substances. JENSEN (1965) and SCHULTZ & JENSEN (1968), 
however, inferred from their results that the synergids probably not secrete, 
but absorb substances from the micropylc. They suggest that the synergids 
have merely a nourishing function. 
The electron microscopical study of the synergids of Petunia, of which the 
results are presented in this paper, is an attempt to throw new light on the 
various hypotheses on the ultrastructure and function of the synergids. 
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2. MATERIAL AND METHODS 
Plants of Petunia hybrida, clone W 166k, were grown in the greenhouse at 
approximately 25 0C. The ovaries were cut into sections, 0.5 mm thick and 
fixed in 5% glutarataldehyde (GA) in 0.1 M phosphate buffer atpH7.2for3hrs 
at 4CC. After fixation, the tissue was washed overnight in 0.1 M phosphate 
buffer of pH 7.2 and subsequently post-fixed in either 5% K M n 0 4 for 7 hrs 
or in 2% OsOA for 24 hrs at room temperature. The fixed material was then 
washed in water and the ovules were prepared free from the ovary sections. 
The isolated ovules were dehydrated in ethanol and embedded in Epon via 
propylene oxide. The gelatine capsules into which the ovules were transferred, 
were provided with a bottom of polymerized Epon. The straight surface 
obtained in the capsules in this way, enabled manipulation of the ovules before 
sectioning. Sections of material fixed in GA and OSO4 were post-stained with 
2% uranyl acetate and lead citrate (REYNOLDS 1963). 
For the examination of the cell walls we used the following methods. The 
fresh ovules were treated either with a mixture of one part acetic acid and one 
part 30% hydrogen peroxide for 15 min at 100oC (MOOR 1959), or with the 
same mixture for 15 min at room temperature, or with 0.01 M acetate buffer 
of pH 4.4 for 15 min at room temperature. After these treatments, the ovules 
were washed in water and stained for 20 min in 1 % aniline blue. They were then 
dehydrated in ethanol and subsequently embedded in butyl methacrylate. 
After sectioning, the butyl methacrylate was dissolved from the sections by 
amyl acetate. Finally, the sections were shadowed with platinum. 
3. RESULTS 
The synergids of Petunia show a number of changes in size, shape and ultra-
structure during anthesis. Before anthesis the synergids are approximately 
14 μιτι long and 11 μιη wide and surrounded by a wall with an average diameter 
of 0.1 μπτ. Their ultrastructure is relatively simple and is similar to that of the 
egg, central cell and surrounding vegetative tissue (VAN WENT & LINSKENS 
1967). The nucleus is located in the center of the cell and there are only a few 
organelles, which are randomly distributed (fig. 2). Only a few small vacuoles 
are present at this stage of development. 
After anthesis, the picture is completely different. The general topography 
of the micropylar part of the mature embryo sac is shown in^g. /. The syner­
gids and the egg are long pear-shaped cells, approximately 35 μιη long and 15 
μιη wide. The two synergids partially surround the egg. Together, these three 
cells form the egg apparatus. Two-third of the egg apparatus at the chalazal 
pole is surrounded by the central cell. A filiform apparatus (FA) lies betwehe 
the tops of the synergids. It is approximately 15 μπι long and separates ten 
tops of the synergids like a wedge (fig. 3). Where the FA borders on the microl 
pyle, it has a cap-like shape. This cap-shaped part of the FA is not completey-
symmetrical. One of the two halves, covering the synergids, is always thinner 
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Fig. 1. Diagrammatic drawings of longitudinal and cross sections of the micropylar part of 
the mature embryo sac of Petunia. 
than the other half. The major part of the cytoplasm is located in two-third 
of the synergids at the micropylar pole. The chalaza! parts of the synergids 
are filled with a number of vacuoles. The nucleus is located near the center of 
the cell just above the vacuoles. 
The cell wall surrounding the mature synergid varies in thickness. Near the 
micropyle the cell wall is thickest. This thickness diminishes with increasing 
distance from the micropyle. The wall is extremely thin at the chalazal pole of 
the synergid. Plasmodesmata are rare in the synergid cell wall. The FA is 
continuous with the cell wall and completely covered by the plasma membrane 
{fig. 3, 8). The surface of the FA, directed toward the cytoplasm, is irregular 
and consists of a great number of small invaginations and lobes. 
The FA consists of two structural components. The major component is 
electron-translucent after GA-KMn04 fixation, as are the other cell walls of 
the ovule (figs. 3, 8). Only the middle lamellae are weakly stained. More 
electron-dense material is observed after GA-OsO^. fixation. The amount of 
osmiophilic material in the cell walls of the surrounding vegetative tissue is 
larger than in the major component of the FA (fig. 5). The osmiophilic material 
shows a net-like arrangement in the part of the FA near the micropyle (fig. 4, 5). 
This net-like arrangement passes into a more fibrillar one in the chalazal 
part (fig. 7). 
The minor component, found in the lateral parts of the FA, is continuous 
with the thin lateral walls of the synergids (fig. 8). In cross sections it looks 
like a tape, starting in the thin lateral wall and penetrating into the FA. The 
component is very electron-dense after both GA-KMn04 and GA-OsO^. 
fixation (fig. 5, 8). 
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After treatment with either the mixture of hydrogen peroxide and acetic 
acid, or acetate buffer at 25 CC, a skeleton of cellulose fibers is visible in the 
major component of the FA {fig. 6). In the cell walls of the surrounding vege­
tative tissue and in the minor component of the FA, the cellulose fibers remain 
invisible after either treatment. The cellulose fibers in these parts become visible 
only by treatment with hydrogen peroxide and acetic acid at 100oC for at 
least 15 min. The extremely thin parts of the wall at the chalaza! pole of the 
synergids have disappeared completely after these treatments. 
The synergid nucleus is spherical; there are no lobes or invaginations. 
The diameter is approximately 6.5 μπι. The nucleus is surrounded by an enve­
lope in which many pores are present. 
Contacts between the nuclear envelope and the endoplasmic reticulum are 
rare. The outer nuclear membrane is partly covered with ribosomes. The struc­
ture of the nucleoplasm is homogeneous. Numerous small concentrations 
of chromatine are regularly spread over the whole nucleus. The nucleus 
contains one nucleolus, approximately 2 μιη in diameter. After GA-0s0 4 
fixation, the nucleolus consists of a network of fine granular material. Within 
the meshes of this network, especially at the periphery, large numbers of ribo-
some-like particles are present {fig. 9). 
The synergids contain large numbers of mitochondria, which are uniformly 
distributed in the cytoplasm. All mitochondria have approximately the same 
size and structure. Their shape is oval and their average diameter is 0.7 μπι. 
They contain a moderate number of short cristae, which partly appear to be 
tubular. There is no special arrangement of the cristae. After GA-0s0 4 fixa­
tion, the mitochondria show an electron-dense matrix and the cristae are 
somewhat swollen. 
The number of plastids in the synergids is low. There is about one plastid to 
every ten mitochondria. The plastids, like the mitochondria, are randomly 
distributed in the cytoplasm. The shape of the plastids varies from dumb-bell 
like to spherical. The average diameter is approximately 1.5 μπτ. Their ultra-
structure is very simple. They contain only a few thylakoids. In most cases 
there is one long thylakoid, lying parallel to the outer membranes, and a 
few short ones, intruding the interior of the plastid. The plastids of the syner­
gids never contain starch, even when in all other cell types of the ovule they do 
contain it. 
The synergids contain large numbers of dictyosomes. They too are randomly 
distributed in the cytoplasm. Each of the dictyosomes consists of 3-5 flat 
cisternae, of which the middle ones arc the longest. The average length of the 
cisternae is 0.7 μπι. The cisternae appear always to be swollen at their ends. 
Associated with the dictyosomes are numerous vesicles, located at the ends of 
the cisternae. The content of the vesicles is always electron-translucent. 
An extensive system of endoplasmic reticulum (ER) is present in the syner­
gids {fig. 7, 8). Most ER membranes lie parallel to the long axis of the cell. 
In the neighbourhood of the nucleus they are parallel to the nuclear envelope. 
Near the wall and the FA they parallel the plasma membrane. The ER sheets 
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are concentrated in groups of 2-6. The membranes of a group are always 
parallel. The measurements of the sheets vary. 
All membranes of the ER are covered with ribosomes (fig. 7, 9). The syner-
gids contain, besides the membrane-bound ribosomes, also free ribosomes. 
The vacuoles of the synergids are almost exclusively located in the chalazal 
part of the cell, as was mentioned already. In the micropylar part there are 
sometimes a few small vacuoles. The vacuoles contain little or no electron-
dense material after both G A - K M n 0 4 and G A - 0 s 0 4 fixation. The thin plasma 
sheath surrounding the vacuoles contains only a few organelles. 
After anthesis, the micropyle contains some electron-dense material which 
always lies in the vicinity of the FA {fig. 4). 
4. DISCUSSION 
The data presented in this paper, show that the synergids of the mature embryo 
sac of Petunia are highly differentiated cells. The changes in size, shape and 
ultrastructure arise during anthesis and differentiation is over in about 24 hrs. 
The cavity, described by COOPER (1946) between the tops of the synergids, 
is in fact a filiform apparatus. This FA is part of the synergid cell walls, since 
it is continuous with the thin lateral walls and completely separated from the 
cytoplasm by the plasma membrane. The same conclusion was drawn for the 
FA's of Torenia (VAN DER PLUIJM 1964), Gossypium (JENSEN 1965), Zea (DIBOLL 
& LARSON 1966), and Capsella (SCHULZ & JENSEN 1968). This confirms the 
theory of STRASBURGER (1884), who stated that the FA is an elaboration of the 
synergid cell wall. 
The FA of Petunia has an interesting ultrastructure. The generally accepted 
theory is that the angiospcrm cell wall consists of a skeleton of cellulose fibers 
embedded in a matrix of pectin and hemi-cellulose (FREY-WYSSLING & M Ü H L E -
THALER 1965). A cellulose skeleton is present in both the major and minor com-
ponent of the FA. The matrices of the two components are clearly different 
and both are different from the matrix of the other cell walls of the ovule. The 
differences in the amounts of electron-dense material after G A - 0 s 0 4 fixation 
could mean that the amount of matrix in the major component of the FA is 
small and in the minor component large, in comparison with the amount in 
the other cell walls. The fact that only the minor component is strongly stained 
after G A - K M n 0 4 fixation indicates that its matrix is chemically different 
from that of the major component and the other cell walls. The electron 
microscopic appearance suggests the presence of a lipid-like compound in 
this matrix. Unfortunately, attempts to locate a lipid-like compound histo-
chemically failed. The following concept is proposed for the ultrastructure 
of the FA of Petunia. The major part consists of a loose network of cellulose 
fibers embedded in a small amount of matrix. The minor part consists of a 
cellulose skeleton embedded in a larger amount of matrix, part of which is 
probably of lipid nature. If this idea is correct, it could mean that the major 
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component is highly permeable to water and dissolved substances, whereas 
the minor is not. 
Two differently structured parts were also found in the FA's of Gossypium 
(JENSEN 1965), Zea (DIBOLL & LARSON 1966), and Capsella (SCHULZ & JENSEN 
1968), whereas the FA of Torenia (VAN DER PLUIJM 1964) has a homogeneous 
structure. However, a part structured like the minor component of the FA of 
Petunia was not observed in the FA's of these species. All authors mentioned 
above concluded from their results that the FA probably serves as a diffusion 
pathway. 
The changes in ultrastructure of the cytoplasm during differentiation of the 
synergids indicate that the metabolic activity increases. Part of this increasing 
metabolic activity can be attributed to the formation of the FA. The presence 
of a large number of dictyosomes is in agreement with the conclusions of 
WHALEY & MOLLENHAUER (1963) and others on cell wall formation. 
According to JENSEN (1965) the synergids of Gossypium have a nourishing 
function. They should absorb, store, and transport compounds from the nucel-
lus. In Gossypium a column of cells disintegrate in the region of the micropyle. 
The FA is thought to function as a diffusion pathway for compounds released 
by these disintegrating cells. Consistent with this idea is the fact that the plas-
tids near the FA contain large amounts of starch. The same function was pro-
posed for the synergids of Capsella by SCHULZ & JENSEN (1968). 
A function as proposed by Jensen seems unlikely for the synergids of Petunia, 
as there are no disintegrating cells in the micropylar region of the ovule and the 
plastids of the synergids never contain starch. The nourishing of the embryo 
sac probably takes place at the chalazal pole, where a small xylem strand ends. 
It has been proposed by many authors that the synergids produce and secrete 
substances which direct the growth of the pollen tube (VAZART 1958; VAN DER 
PLUIJM 1964). Chemotropic activity has been reported for the ovules of a few 
species ( W E L K et al. 1965). 
In Petunia, the pollen tube grows through the micropyle and enters the 
embryo sac by growing through the FA into one of the synergids (VAN W E N T & 
LINSKENS 1967). The micropyle is very narrow, much smaller than the diameter 
of the pollen tube. It seems likely that a stimulus is needed to make the pollen 
tube grow into it. The same holds for the pollen tube growing into the FA. 
That stimulus might be provided by chemotropic substances produced in the 
synergids. The accumulation of mitochondria and the presence of an extensive 
rough ER in the micropylar part of the synergid after anthesis could be inter-
preted in terms of a large metabolic activity in that region. This activity might 
be the production of these chemotropic substances, which are secreted through 
the large plasma membrane area into the FA. From the latter they could 
diffuse into the micropyle. 
According to FAWCETT (1966) in animal tissue the rough ER is most promi-
nent in glandular cells with secretorial functions. The presence of an extensive 
rough ER in the synergids is consistent with this conclusion. The only direct 
evidence that there is any secretion, is the presence of electron-dense material 
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in the micropylc after anlhesis. The position of this material suggests that it is 
secreted by the synergids through the FA. 
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KEY то LABELING: 
CC — central cell; Cy = cytoplasm; D — dictyosome; ER — endoplasmic reticulum; 
FA = filiform apparatus; M — mitochondnum; Mi — micropyle; N — nucleus; Nu = 
nucleolus; Ρ = plastid; S — synergid; V — vacuole; VT — vegetative tissue of the ovule; 
W = cell wall. 
LEGENS 
Fig 2. Longitudinal section of the immature synergid. GA-KMnO* fixation, x 10,000. 
Fig 3. Longitudinal section of the micropylar parts of the mature synergids GA-KMnO* 
fixation, χ 7,500. 
Fig 4 Cross section of the FA near the micropyle Note the presence of very electron-dense 
material in the micropyle (arrow) GA-OsO* fixation, χ 17,700 
Fig. 5. Detail of the FA near the tops of the synergids Note the differences in appearance 
between the major and minor component of the FA (arrow) and the cell walls of the 
vegetative tissue. GA-OsO* fixation, χ 48,000. 
Fig. 6. The FA and cell walls of the vegetative tissue after treatment with a mixture of acetic 
acid and hydrogen peroxide for 15 mm at 25 CC. Arrows indicate the location of the 
minor component of the FA χ 16,000 
Fig. 7. The FA and associated cytoplasm just above the nucleus. GA-OsO* fixation, χ 32,000. 
Fig 8. Cross section of the synergids just above the nucleus. Arrow indicates the location 
of the minor component of the FA. GA-KMnCt fixation, v 9,000 
Fig 9. The synergid nucleus and associated cytoplasm. GA-OsO* fixation, χ 25,000. 
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CENTRAL CELL OF PETUNIA 
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SUMMARY 
The egg and central cell oí Petunia hybrlda undergo a number of changes and become mature 
during anthesis. The egg greatly enlarges and becomes highly vacuolated. The nucleus and 
the major part of the cytoplasm of the mature egg are located at the chalazal pole of the cell. 
The number of organelles decreases slightly during maturation. The ribosomes of the mature 
egg are clustered in polysomes. The chalazal part of the mature egg seems to be surrounded by 
the plasma membrane only, whereas the remainder of the cell has a normal cell wall. 
The number of mitochondria and plastids and the amount of endoplasmic reticulum (ER) 
in the central cell are almost constant during maturation The number of ribosomes, however, 
increases greatly. Almost all nbosomes are free and the impression is that they are mono-
sommes. A large amount of starch is formed in the plastids. Two types of dictyosomes are present 
in the mature central cell. The outer membranes of the polar nuclei are sometimes connected 
by ER membranes 
1. INTRODUCTION 
The egg and central cell are clearly the most important cells of the mature 
embryo sac. They fuse with the sperm cells and develop into the embryo and 
the endosperm. The mature embryo sac of Petunia has been described by 
COOPER (1946). His study, however, gives no information about the ultrastruc-
ture of the various cell types. The ultrastructural studies of VAN DER PLUIJM 
(1964), JENSEN (1965a, b), DIBOLL & LARSON (1966), and SCHULZ & JENSEN 
(1968a, b) show that each cell type of the mature embryo sac is highly diffe-
rentiated and has a specific ultrastructure. 
The present paper describes the ultrastructure of the egg and central cell 
of Petunia hybrida, the synergids of which have been described earlier (VAN 
WENT 1970). It is part of an electron microscopical study of sexual reproduction. 
2. MATERIAL AND METHODS 
Plants of Petunia hybrida, clone W 166k, were the source of all material. Two 
different fixation procedures were used. Glutaraldehyde and potassium perman-
ganate were the fixatives in the first one (referred to as ОА-КМпОД In the 
second one glutaraldehyde and osmium tetroxide were employed (referred to as 
GA-OSO4). A complete description of the procedures has been given earlier 
(VAN WENT 1970). 
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3. RESULTS 
3.1. Egg and cent ra l cell jus t before anthes i s 
The immature egg is acentrally located below the two synergids with regard 
to the micropyle. It is pyramid-like in shape and its average diameter is 11 μηι. 
The base of the pyramid forms part of the embryo sac wall. The nucleus is 
located at the center of the cell and there are only a few small vacuoles. 
The immature central cell contains one large vacuole. The two polar nuclei 
and the major part of the cytoplasm are located at the micropylar pole of the 
cell. 
The ultrastructure of the two immature cells is very similar (figs. 1 and 2). 
The number of mitochondria is moderate. They are oval to spherical in shape 
and their average diameter is 0.7 μηι. They contain a number of short, randomly 
distributed cristae. The plastids are less numerous than the mitochondria. 
They are very irregular in shape and their average diameter is approximately 
1.5 μηι. They contain a small number of thylakoids and sometimes a small starch 
grain. Dictyosomes are few in number and consist of 3-5 flat cisternae. The ER 
is poorly developed and most of the sheets are found in the periphery of the 
cells. 
3.2. Egg after anthes i s 
The mature egg is a long pear-shaped cell, approximately 35 μπι long and 15 μηι 
wide at its base (fig. 4) (VAN WENT 1970). The top of the egg is 10 μηι below the 
op of the embryo sac. The cell is in contact with the embryo sac wall at the top 
part only (figs. 4 and 7). The rest of it is freely pendulous. 
The mature egg contains one large vacuole. The nucleus and the major part 
of the cytoplasm are located at the chalazal pole of the cell. Only the micropylar 
part of the cell (two-thirds) seems to be surrounded by a cell wall (figs. 3 and 8). 
The enlargement of the egg during anthesis is apparently not matched by synthe­
sis of sufficient cellwall material. 
The matrix of the egg cytoplasm is strongly stained after GA-KMn04 
fixation (fig. 3). Randomly distributed polysomes are visible in the matrix 
after GA-OSO4 fixation (figs. 5 and 6). The mature egg contains only a few 
mitochondria, plastids, and dictyosomes, and the ER is poorly developed. 
The ultrastructure of the organelles is the same as in the immature egg. The ER 
membranes are partly covered with ribosomes. The nucleus is oval in shape and 
the average diameter is 6 μιη (figs. 3 and 4). The outer membrane of the nuclear 
envelope is partly covered with ribosomes. The nucleus contains several chro­
matin clumps of various size (figs. 3 and 5). The spherical nucleolus has a 
diameter of approximately 2.5 μπι. It consists of homogeneously dispersed 
fine-granular material and is surrounded by a layer of ribosome-like particles 
(fig- Я 
3.3. C e n t r a l cell after anthes i s 
The morphology of the mature central cell and its relation to the other cells 
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of the embryo sac have been described earlier (VAN WENT 1970) and are seen in 
overall view in fig. 4. The fusion of the polar nuclei can occur at different times. 
They may have fused already before anthesis, but sometimes they remain 
separate (fig. 12). The polar nuclei have a diameter of 10 μιτι. They lie close to 
each other, separated by a thin layer of cytoplasm in which organelles may be 
present. The outer membranes of the two nuclear envelopes are sometimes 
connected by ER sheets (fig. II). Each polar nucleus contains a large nucleolus, 
structured like that of the egg nucleus. In contrast with the egg nucleus, the 
polar nuclei do not contain chromatin clumps. The ultrastructure of the polar 
nuclei is maintained after fusion. 
The ultrastructure of the cytoplasm changes greatly during anthesis. The 
plasma matrix of the mature central cell has a spotty texture after GA-KMnO^ 
fixation (figs. 8 and //). After GA-OSO4 fixation masses of ribosomes are 
visible (figs. 6 and 9). They seem to be monosomes, as no polysomes can be 
distinguished. The number of mitochondria and their ultrastructure do not 
change during maturation. The same holds for the number of plastids, but not 
for their ultrastructure. The plastids of the mature central cell are large (3-5 μιη 
in diameter) and each of them is completely filled with starch grains (figs. 4 and 
12). The ER is poorly developed. Most of it is found near the plasma membrane 
and the nuclear envelope. Near the bases of the egg and synergids the ER sheets 
are parallel and very close to the plasma membrane (fig. 8). The ER membranes 
are partly covered with ribosomes. The mature central cell contains two types 
of dictyosomes. In the plasma layer which surrounds the central vacuole 
they are like those of the immature central cell. The dictyosomes in the micro-
pylar part of the cell each consist of one or two short cisternae which are sur­
rounded by vesicles (fig. 10). Sometimes there are only vesicles. 
4. DISCUSSION 
The present data show that both the egg and central cell of Petunia hybrtda, 
like the synergids (VAN WENT 1970), differentiate during anthesis. The ultra-
structure of the mature egg cytoplasm of Petunia differs from that of Gossypium 
(JENSEN 1965b), Zea (DIBOLL & LARSON 1966), and Capsella (SCHULZ & JENSEN 
1968b). The cytoplasm of the Gossypium egg is characterized by an extensive 
ER; that of Zea by a large number of mitochondria; whereas the cytoplasm of 
the Capsella egg is literally packed with ribosomes. 
The enlarged shape, the polar distribution of the cytoplasm, and the high 
vacuolization seem to be common properties of plant eggs (MAHESHWARI 1950). 
The absence of a wall at the chalazal pole of the egg apparatus has been 
reported also for Torenia (VAN DER PLUIJM 1964), Gossypium (JENSEN 1965a, b), 
and Zea (DIBOLL & LARSON 1966). In Capsella (SCHULZ & JENSEN 1968a, b) 
a very thin wall is present at this pole. The absence of a wall could facilitate 
the passage of the sperm material from one cell to another (DIBOLL & LARSON 
1966; JENSEN & FISCHER 1968). Other functions are also possible. In Petunia 
the pollen tube discharges its content into one of the synergids (VAN WENT & 
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LINSKENS). This synergid increases strongly in volume and imposes a pressure 
upon the egg. The absence of a wall might be a protection mechanism that keeps 
the egg very flexible. 
The relatively small number of polysomes, the presence of only a few orga­
nelles, and the poorly developed ER could indicate a state of low metabolic 
activity in the mature egg. JENSEN (1965b), DIBOLL & LARSON (1966), and SCHULZ 
& JENSEN (1968b) also inferred from their results that the mature egg is a rather 
inactive cell. 
The ultrastructural changes of the central cell during anthesis indicate that 
a large synthesis of RNA and starch has taken place. The rate of respiration 
might be constant, as the number of mitochondria and their ultrastructure 
do not change. The ultrastructure of the mature central cell of Petunia is very 
different from those of the species mentioned above. 
The presence of ER bridges between the polar nuclei is in agreement with the 
observations of JENSEN (1964) on the fusion of these nuclei in Gossypium. 
Possibly, the fusion of the polar nuclei occurs in the same way in both species. 
F r o m the results presented in this paper and in the previous one (VAN W E N T 
1970) one can conclude that each cell type of the embryo sac of Petunia 
difTerentiates in its own way. Each cell type of the mature embryo sac seems to 
have its own specific metabolic activity. 
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LEGENDS TO THE FIGURES 
Fig 1. Part of the immature egg GA-KMnCU, x 12,000. 
Fig. 2. Part of the immature central cell GA-KMnO*, x 12,000. 
Fig. 3. The chalazal part of the mature egg showing the nucleus and associated cytoplasm. 
Note the presence of chromatin clumps in the nucleus GA-KMnO*, χ 14,000. 
Fig. 4. Longitudinal section through the mature embryo sac showing the pear-like shape of 
the egg. GA-KMnOi, χ 3,000 
Fig 5. Part of the nucleus and associated cytoplasm of the mature egg. GA-OSO4 x 25,000. 
Fig. 6. Portion of the chalazal part of the egg apparatus and adjacent part of the central 
cell Note the intense staining of the central cell cytoplasm. GA-OsO*, χ 25,000. 
Fig. 7. The micropylar end of the mature egg GA-KVfnO*, χ 10,500. 
Fig. 8. Portion of the central cell and chalazal part of the egg. The ER of the central cell 
parallels and is very close to the plasma membrane (arrow) GA-KMnO,«, χ 12,000. 
Fig. 9. The cytoplasm of the mature central cell. GA-OsO«, x 30,000. 
Fig 10. Portion of the micropylar part of the mature central cell showing the characteristic 
dictyosomes GA-KMnO*, χ 12 000 
Fig. 11. Portion of the two polar nuclei. The outer membranes of the nuclear envelopes are 
connected by a ER sheet (arrow) GA-KMnO*, x 54,000 
Fig. 12 Cross section through the micropylar part of the mature central cell showing the 
two polar nuclei before fusion GA-OsCU, χ 6,700. 
KEY TO LABELING 
CC = central cell, D — dictyosome; E = egg; ER = endoplasmic reticulum; FA = filiform 
apparatus; L = lipid; M -= mitochondnum; N — nucleus; Nu — nucleolus, Ρ = plastid; 
PN — polar nucleus; S = synergid; St - starch; V — vacuole. 
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THE ULTRASTRUCTURE OF THE FERTILIZED 
EMBRYO SAC OF PETUNIA 
J. L. VAN WENT 
Botanisch Laboratorium, Universiteit, Nijmegen1 
SUMMARY 
The ultrastructural changes of the embryo sac of Petunia during and after fertilization are 
described. The pollen tube enters the embryo sac by growing through the filiform apparatus 
and discharges its content into one of the synergids (penetrated synergid). The volume of the 
penetrated synergid increases and the cell bursts at its chalazal pole. The synergid and dis-
charged pollen tube cytoplasm merge and subsequently degenerate. The degeneration is 
marked by the darkening of the cytoplasm and the disappearance of organelles. A complex 
rough endoplasmic reticulum and numerous small spheres remain discernible longest. Two 
degenerating nuclei are present in the penetrated synergid. 
The ultrastructure of the zygote changes slightly during its early development. 50 hrs after 
pollination (10-15 hrs after fertilization) the nucleus does not contain chromatin clumps any 
more and is surrounded by a shell of plastids. 
The primary endosperm cell shows a number of marked changes after the formation of its 
nucleus. The ribosomes become aggregated into large polysomes and the plasma matrix be-
comes homogeneously electron-dense. Both the mitochondria and dictyosomes change in 
ultrastructure and shape. Plastids, without starch, appear as the endoplasmic reticulum 
becomes very extensive. This ultrastructural differentiation indicates a changing metabolic 
activity. 
1. INTRODUCTION 
There exists a great variation in the way of fertilization among various species, 
according to the numerous light microscopical studies (cf. MAHESHWARI 1950, 
1963). However, ultrastructural studies of Torenia (VAN DER PLUIJM 1964), 
Gossypium (JENSEN & FISCHER 1968), Capsella (SCHULZ & JENSEN 1968a), and 
Zea (DIBOLL 1968) established a common fertilization principle, i.e., the pollen 
tube enters the embryo sac through the filiform apparatus and discharges its 
content into one of the synergids. 
COOPER (1946) reported that in Petunia the pollen tube enters the embryo 
sac between the apices of the synergids and the egg. The tube enlarges and forms 
two cone-like projections at its apex, one of which extends into the central cell 
and the tip of the other one is closely appressed to the egg. Cooper assumed 
that the male nuclei enter the embryo sac by way of these projections. Two 
X-bodies remain in the pollen tube and Cooper interpreted them as the cyto-
plasmic remnants of the male gametes. 
The present paper describes the ultrastructural changes of the embryo sac of 
Petunia during fertilization and the early development of the zygote and primary 
endosperm cell. The ultrastructure of the mature embryo sac has been described 
1
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previously (VAN WENT 1970a, b). The data collected diflfer significantly from 
those of COOPER (1946) and shed new light on the fertilization mechanism in 
Petunia. 
2. MATERIAL AND METHODS 
Flowers οι Petunia hybrida, clone W 166k, were hand-pollinated with pollen of 
Petunia hybrida, clone T2U, and the anthers removed immediately after open­
ing. The time at which pollen tubes arrive in the ovary was estimated by UV 
fluorescence microscopy (LINSKENS 1957) and varies from 35 to 40 hrs after 
pollination. In order to obtain fertilized ovules at various stages of development 
flowers were collected for fixation at 2 hrs intervals from 35 to 50 hrs after 
pollination. 
The central placentas and attached ovules of the flowers were isolated and 
fixed in 5 % glutaraldehyde (GA) in 0.1 M phosphate buffer at pH 7.2 for 3 hrs 
at 4°C. Following GA fixation the material was washed overnight in 0.1 M 
phosphate buffer of pH 7.2 and subsequently cut into sections, 0.5-1 mm thick. 
The sections were post-fixed in either 5% KMnO* for 7 hrs от 2% OsO* for 
24 hrs at room temperature and then washed in water. The ovules which had 
attached pollen tubes were isolated from the ovary sections, dehydrated in 
ethanol, and embedded in Epon via propylene oxide. A complete description 
of the embedding procedure was given previously (VAN WENT 1970a). 
3. RESULTS 
3.1. Pol len tube and synergids 
The pollen tube enters the embryo sac by growing through the filiform appara­
tus (figs. 7, 3). The growth of the tube ceases and an opening is formed at its 
apex shortly after it has penetrated the cytoplasm of one of the synergids 
(penetrated synergid) (figs. 2, 3). The volume of the penetrated synergid in­
creases greatly. The same holds for the amount of cytoplasm which the cell 
contains (figs. 2, 7). The large chalazal vacuoles disappear; only a few small 
ones remain. The cell bursts at its chalazal pole and part of its cytoplasm lodges 
itself between the central cell (primary endosperm cell) and the chalazal parts of 
the egg (zygote) and the other synergid (figs. 2, 9). 
The cytoplasm of both the penetrated synergid and pollen tube show a 
similar ultrastructure (figs. 2,3, 4, 5). Numerous mitochondria with long cristae 
oriented parallel to each other, and a few starch containing plastids are dis­
cernible during the earliest development of the fertilized embryo sac (fig. 8). 
Characteristic for the cytoplasm is the presence of a large number of small 
spheres, 0.2-0.3 μιη in diameter. They have a dense center and are surrounded 
by a translucent layer after GA-0s0 4 fixation; however, they are stained homo­
geneously weak after GA-KMn04 fixation (figs. 4, 8). The spheres in the pene­
trated synergid eventually form larger aggregates. In the pollen tube the spheres 
fuse and form an additional wall layer (fig. 4 double arrow). Sometimes the 
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tube, especially near its tip, becomes almost filled by this additional layer 
{fig. 6). The cytoplasm of both the penetrated synergid and the pollen tube also 
contains a complex rough endoplasmic reticulum (RER) {figs. 4, 5). At several 
places the intercisternal phase of this RER is translucent and continuous with 
the translucent layer of the above described spheres {fig. 4 single arrow). 
The penetrated synergid contains two degenerating nuclei {figs. 7, 8). One of 
them is spherical and lies halfway the synergid near the side ; the other one is 
irregular in shape and lies at the chalazal pole of the cell. 
The ultrastructure of the synergid which has not been penetrated by the 
pollen tube does not change within the period studied (from 35 to 50 hrs after 
pollination). 
3.2. Zygote 
The ultrastructure of the zygote changes only slightly during its early develop­
ment. The polar distribution of the cytoplasm, characteristic for the mature 
egg (VAN WENT 1970b), is maintained, although some small vacuoles are formed 
below the nucleus. Nuclear bridges or other signs of incomplete nuclear fusion 
are rarely observed. The zygote nucleus has an average diameter of 9 μπι and 
has a somewhat irregular shape {fig. 9). The chromatine clumps which were 
present in the mature egg nucleus disappear completely {fig. 10). 
The number of organelles seems to increase slightly. Most of the plastids 
become concentrated in a shell around the nucleus {figs. 9, 10). There is an 
increase in the amount of lipid in the developing zygote. No changes in the 
composition of the polysome population are observed. 
3.3. Pr imary e n d o s p e r m cell 
Incomplete fusion of the male and female nuclei was observed much more 
frequently in the primary endosperm cell than in the zygote. An initial stage of 
fusion of the polar nuclei and the sperm nucleus is shown in fig. 11. Serial sec­
tioning of these nuclei revealed that they are connected by several narrow bridges 
and that in a number of other places only their outer membranes are continuous 
{figs. 12, 13). At the later stages of fusion there are only nuclear bridges of 
variable size. 
The primary endosperm nucleus becomes convoluted and the ultrastructure 
of the cytoplasm changes rapidly as soon as the nuclear fusion is completed 
{fig. 14). The plasma matrix looses the spotty texture which was observed after 
GA-KMn04 fixation {fig. 11) and becomes homogeneously electron-dense. 
The numerous free ribosomes become aggregated into large polysomes {fig. 15). 
The mitochondria change in both shape and ultrastructure. They become large 
and irregular in shape, especially in the plasma region near the penetrated 
synergid {fig. 7 insert). Large amounts of lipid are formed in the same plasma 
region. The changed mitochondria contain a translucent matrix and numerous 
randomly distributed cristae and tubuli. 
Dictyosomes become numerous in the primary endosperm cell. The vesicu­
late type which was present originally {fig. 11) disappears completely. Ulti-
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mately each dictyosome consists of 4-6 flat cisternae, approximately 0.8 μιη 
long, which are swollen at their ends {fig. 14). 
The endoplasmic reticulum (ER) becomes extensive. The ER cisternae are 
randomly distributed and their membranes are partly covered with ribosomes. 
Whereas all plastids of the mature central cell contain starch (VAN W E N T 
1970b), in the developing primary endosperm cell there are also smaller ones 
which do not contain starch. 
During the above described cytoplasmic differentiation a thick irregularly 
shaped wall is formed between the primary endosperm cell and the chalazal 
parts of the egg and synergids {fig. 7). 
4. DISCUSSION 
It has been pointed out previously (VAN W E N T 1970a) that the synergids of 
Petunia may produce and secrete substances which direct the growth of the 
pollen tube {diagram 1-A). The present data show that one of the synergids is 
involved in the cessation of the tube growth, the opening and discharge of the 
tube, and the transport of the male gametes {diagram 1-B, C). In this respect, 
Petunia fits the pattern established for the other angiosperm species examined 
with the electron microscope: Torenia (VAN DER PLUIJM 1964), Gossypium 
(JENSEN & FISCHER 1968), Capsella ( S C H U L Z & JENSEN 1968a), and Zea (DIBOLL 
1968). The penetrated synergid of Petunia, however, does not degenerate before 
the arrival of the pollen tube, as it does in Gossypium (JENSEN & FISCHER 1968) 
and in a number of other species (VAZART 1958). 
The actual mechanism by which the pollen tube is opened is unknown. The 
impression is that in Petunia the pollen tube bursts after its entrance into the 
synergid cytoplasm. According to JENSEN & FISCHER (1968) the opening of the 
pollen tube in Gossypium can in no sense be described as passively bursting. 
LINSKENS (1968) postulated that the sperm nuclei enter the egg and central 
cell by way of a cell fusion process, as shown in diagram 1-D, E, F. This hypo­
thesis is supported by the observations in Petunia: 1. N o remains of the cyto­
plasm or walls of the sperm cells are observed in the penetrated synergid; 
2. N o sperm cell walls are found in the zygote or primary endosperm cell; 
3. N o trace of penetrated synergid cytoplasm is found in the zygote or primary 
endosperm cell; 4. N o ruptures or pores are observed in the walls of the zygote 
or primary endosperm cell. SCHULZ & JENSEN (1968a), however, reported the 
presence of a rupture in the common zygote-synergid wall in Capsella. They 
assume that the sperm nucleus enters the egg through this rupture. 
The X-bodies in the penetrated synergid of Petunia, which COOPER (1946) 
interpreted as the cytoplasmic remains of the sperm cells, probably are the 
degenerating synergid and vegetative pollen tube nuclei. These degenerating 
nuclei at least are the only structures of comparable size and shape. The identi­
fication as nuclei has also been reported for the X-bodies of Gossypium (FISCHER 
& JENSEN 1969) and recently of barley (CASS & JENSEN 1970). 
The reported observations on nuclear fusion in the primary endosperm cell 
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Diagram 1. Diagrammatic representation of the proposed way of fertilization in Petunia: 
A. The mature synergids produce and secrete substances which direct the growth 
of the pollen tube, B. the pollen tube grows through the filiform apparatus and 
discharges its content into one of the synergids, C. the penetrated synergid bursts 
at its chalazal pole and the sperm cells are transported to the egg and central cell, 
D-E-F. the sperm cells fuse with the egg and central cell resp. and their nuclei 
become located near the female nuclei, and G-H-l. the outer membranes of the 
male and female nuclei fuse at several places, followed by the fusion of the inner 
membranes. The formed nuclear bridges enlarge and coalesce. 
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of Petunia suggest the presence of a fusion mechanism similar to that proposed 
by JENSEN (1964). First the outer nuclear membranes fuse and become conti­
nuous in several places, followed immediately by the fusion of the inner mem­
branes {diagram I-G, H, I). The nuclear bridges formed in this way enlarge and 
coalesce. 
JENSEN (1968), SCHULZ & JENSEN (1968b), and DIBOLL (1968) observed 
dramatic changes in the ultrastructure of the zygote after the formation of the 
zygote nucleus. Comparable changes are absent in the developing zygote of the 
Petunia clone described here, although the disappearance of the chromatine 
clumps in the zygote nucleus indicates that the physiology of the cell is changing. 
The appearance of marked changes in the ultrastructure of the primary 
endosperm cell after nuclear fusion indicates that the cell becomes highly 
active. The responses to fertilization in the zygote and the primary endosperm 
cell are thus completely different. The presence of masses of free ribosomes in 
the mature central cell (VAN W E N T 1970b) and the rapid formation of large 
polysomes after nuclear fusion suggest that the availability of a large protein-
synthesizing machinery, at the time of fertilization, is involved in the rapid 
differentiation of the primary endosperm cell. 
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KEY TO LABELING 
D = dictyosome; dN = degenerating nucleus; ER = endoplasmic reticulum; 
FA = filiform apparatus; L = lipid; M = mitochondrium; N = nucleus; 
Nu = nucleolus; Ρ = plastid; PEC = primary endosperm cell; PS = pene­
trated synergid; PT = pollen tube; RER = rough endoplasmic reticulum; 
S = synergid; Sph = sphere; St = starch; V = vacuole; Ζ = zygote. 
L E G E N D S 
Fig. 1. Transverse section through the micropylar part of the fertilized embryo sac. GA-
КМПО4 fixation, χ 4,500. 
Fig. 2. Longitudinal section through the fertilized embryo sac. The pollen tube has discharged 
its content into the penetrated synergid. GA-KMnO* fixation, χ 4,000. 
Fig. 3. Longitudinal section through the micropylar part of the fertilized embryo sac. Arrow 
indicates the location of the pollen tube wall. GA-KMn04 fixation, χ 7,000. 
Fig. 4. Enlarged view of the pollen tube showing the complex rough endoplasmic reticulum, 
the spheres, the additional wall layer (double arrow), and the original wall. The inter-
cjsternal phase of the RER is continuous with the translucent layer of the spheres 
(single arrow). GA-OsO* fixation, χ 50,000. 
Fig. 5. Enlarged view of the penetrated synergid cytoplasm. GA-OsO* fixation, χ 26,000. 
Fig. 6. Transverse section through the micropylar part of the fertilized embryo sac. The pollen 
tube is almost completely filled by the newly formed translucent wall layer. GA-OsCU 
fixation, χ 5,000. 
Fig. 7. Transverse section through the fertilized embryo sac showing the greatly enlarged 
penetrated synergid. The mitochondria in the primary endosperm cell are large and 
irregular in shape (insert). GA-KMnC^ fixation, χ 3,700. 
Fig. 8. Enlarged view of the penetrated synergid cytoplasm. Arrow indicates the location of 
the complex RER. GA-KMnO* fixation, χ 13,400. 
Fig. 9. Transverse section through the chalazal part of the zygote. GA-KMn04 fixation, 
χ 6,500. 
Fig. 10. Transverse section through the chalazal part of the zygote. GA-OSO4 fixation, 
χ 10,200. 
Fig. 11. The primary endosperm cell containing three fusing nuclei. GA-KMnO» fixation, 
χ 7,000. 
Fig. 12. Enlarged view of two fusing nuclei. The outer membranes of the nuclei are con­
tinuous. GA-KMn04 fixation, χ 27,000. 
Fig. 13. Enlarged view of two fusing nuclei which are connected by several narrow bridges. 
GA-KMn0 4 fixation, χ 22,000. 
Fig. 14. Part of the primary endosperm nucleus and associated cytoplasm. GA-KMnO« 
fixation, χ 11,000. 
Fig. 15. Enlarged view of the primary endosperm cell cytoplasm showing polysomal aggre­
gation (arrow). GA-OSO4 fixation, χ 26,000. 
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SAMENVATTING 
1. Aan het begin van de anthese bestaat de embryozak van Petunia hybrida uit 
zeven cellen: de eicel, twee Synergiden, de centrale cel en drie antipoden. De 
eicel en de Synergiden zijn relatief klein, hun grootste diameter is 11 μπι, en ze 
bevatten slechts kleine Vakuolen. Alle cellen van de embryozak bezitten op dat 
tijdstip eenzelfde cytoplasmatische struktuur en zijn omgeven door celwanden 
met een dikte van ca. 0,1 μπι. 
2. Gedurende de anthese, die zich in ongeveer 24 uur voltrekt, treedt een sterke 
differentiatie op in de embryozak. Elk celtype krijgt een specifieke vorm en 
struktuur. 
2-1. De volwassen eicel heeft een langgerekte vorm; haar grootste lengte is 
35 μπι enhaar grootste breedte 15 μπι. Zij is vrijwel volledig gevuld met een 
grote Vakuole, waaromheen een dunne laag cytoplasma ligt. De kern bevindt 
zich aan de chalazale pool van de cel en bevat talrijke chromatine-concentraties. 
De eicel is in dit stadium slechts gedeeltelijk door een celwand omgeven; rond 
het chalazale gedeelte van de cel bevindt zich alleen de plasmamembraan. De sa­
menstelling van de organelpopulatie veranderttijdensdedifferentiatie nauwelijks. 
2-2. De Synergiden worden, evenals de eicel, tijdens de anthese langwerpig. De 
afmetingen van de Synergiden komen overeen met die van de eicel. De cel­
wand die de synergide omgeeft, wordt ongelijk van dikte. Rond het chalazale 
deel van de cel is hij zeer dun en kan plaatselijk ontbreken. De celwanden tussen 
de toppen van de Synergiden worden sterk verdikt en krijgen een grillig gevormd 
oppervlak; er wordt een "Fadenapparat" (FA) gevormd. Het FA bestaat uit 
twee delen. Uit de verschillen in kleurbaarheid én de resultaten van de extraktie-
experimenten wordt gekonkludeerd, dat het verschil tussen de beide delen is te 
wijten aan verschillen in de samenstelling van de matrix. 
In het chalazale gedeelte van de synergide wordt een grote Vakuole gevormd. 
Het mikropylaire gedeelte van de cel blijft volledig gevuld met cytoplasma. Het 
aantal mitochondriên en dictyosomen, evenals de hoeveelheid ER nemen sterk 
toe. Het ER is vrijwel volledig bedekt met ribosomen en de cisternen liggen even-
wijdig aan de lengte-as van de cel. 
2-3. In de centrale cel veranderen gedurende de anthese het aantal mitochon-
driên, plastiden en dictyosomen, evenals de hoeveelheid ER nauwelijks. In de 
plastiden wordt echter een grote hoeveelheid zetmeel gevormd. Daarnaast ver-
dwijnen van een deel van de dictyosomen de golgi-cisterne'i. Het meest opval-
lend in de centrale cel is, dat tijdens de anthese talrijke ribosomen gevormd 
worden. Deze ribosomen liggen vrij in het cytoplasma en vormen waarschijnlijk 
geen polysomen. 
De poolkernen kunnen tijdens de anthese met elkaar versmelten. Dit ver-
smelten komt tot stand doordat op een aantal plaatsen achtereenvolgens de 
buitenste en de binnenste kernmembranen met elkaar fuseren. De op deze wijze 
gevormde kernbruggen breiden zich uit en versmelten met elkaar. 
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2-4. Het feit dat elk celtype in de volwassen embryozak een specifieke struktuur 
bezit, wijst erop dat elk celtype waarsc'iijnlijk ook een specifieke metabolische 
aktiviteit heeft. 
3. De pollenbuis bereikt de embryozak via de mikropyle, groeit door het FA 
heen en dringt vervolgens in een van de Synergiden binnen. Onmiddellijk 
nadat de pollenbuis in de synergide is binnengedrongen, stopt de pollenbuis-
groei. Vervolgens wordt een opening gevormd in de wand aan de top van de 
buis, waarna de buis zijn inhoud uitstort in de synergide. De synergide op haar 
beurt scheurt aan de chalazale kant open. 
4. De struktuur van het cytoplasma in de - door de pollenbuis gepenetreerde -
synergide verandert sterk. De organellen verdwijnen succesievelijk en tenslotte 
is er slechts een sterk gekleurde massa over. Eenzelfde degeneratieproces treedt 
op in de cytoplasmaresten in de pollenbuis. De "X-bodies" in de - door de 
pollenbuis gepenetreerde - synergide zijn de degenererende resten van de syner­
gide kern en de vegetatieve pollen kern. 
5. Struktuurveranderingen zoals die, welke optreden in de-door de pollenbuis 
gepenetreerde - synergide, worden niet waargenomen in de tweede synergide. 
De struktuur hiervan blijft nog gedurende lange tijd gehandhaafd. 
6. Zowel in de eicel als in de centrale cel versmelten de mannelijke en vrouwelijke 
kernen met elkaar doordat op een aantal plaatsen achtereenvolgens hun 
buitenste en binnenste kernmembranen met elkaar fuseren. Het versmelten van 
de kernen is in de eicel eerder voltooid dan in de centrale cel. 
7. Tijdens het versmelten van de kernen in de eicel en de centrale cel konden de 
celwanden van de spermacellen niet worden teruggevonden. Een verklaring 
hiervoor wordt gezocht in de mogelijkheid dat deze celwanden zijn opgenomen 
in de celwanden van de bevruchte eicel en centrale cel. 
8. De struktuur van de zygote verandert na de vorming van de kern slechts 
langzaam. Ca. 15 uren na de Syngamie hebben de organellen zich voor een 
deel rond de kern gegroepeerd, zijn in het cytoplasma een aantal vetdruppels 
ontstaan en zijn de chromatine-concentraties in de kern verdwenen. 
9. In de primaire endospermcel treden tijdens en onmiddellijk na het versmelten 
van de kernen een aantal zeer ingrijpende struktuurveranderingen op: 
a. In het cytoplasma ontstaan talrijke polysomen. 
b. Het ER breidt zich sterk uit. 
с Het aantal mitochondriën neemt toe. De mitochondriên worden groter en 
krijgen een grillige vorm. Het aantal cristae en tubuli in de mitochondriën 
neemt toe. 
d. Het aantal dictyosomen neemt toe. Alle dictyosomen bezitten duidelijke 
golgi-cisternen. 
e. Het in de plastiden aanwezige zetmeel wordt afgebroken. 
14 
De bevruchting bij Petunia blijkt op een andere wijze tot stand te komen, 
dan door Cooper werd verondersteld naar aanleiding van de resultaten van 
zijn lichtmikroskopisch onderzoek. 
Bij de plantesoorten, waarvan de morfologische veranderingen die optreden in 
de embryozak tijdens de bevruchting, met het elektronenmikroskoop werden 
onderzocht blijkt de bevruchting, in grote lijnen, op dezelfde wijze tot stand 
te komen. 
15 

S T E L L I N G E N 
I 
De diverse celtypen m de embryozak ondergaan tijdens de anthese een zeer 
specifieke submikroskopisch morfologische ontwikkeling 
Dit proefschrift 
Π 
De submikroskopisch morfologische veranderingen in de Synergiden van 
Petunia hybrida tijdens de anthese en de bevruchting, vormen een aanwijzing 
voor de juistheid van de veronderstelling dat de Synergiden via het 'Faden-
apparat' chemotropisch aktieve stoffen uitscheiden in de mikropyle 
Du proefschrift 
III 
Een deel van de opvattingen over de morfologie van de embryozak en het ver­
loop van de bevruchting bij de angiospermen, berust op onjuiste interpretaties 
van lichtmikroskopische waarnemingen 
IV 
De konklusie van STEERE en MOSELEY dat tijdens het vnes-etsen de unit-
membraan in tweeen wordt gesplitst, maakt een herinterpretatie noodzakelijk 
van de gegevens die tot nu toe met de vnes-ets techniek zijn verkregen 
R L STfcbRF & M MOSELEY (1969) 27th Annual Proceed, 
Electron Microscopy Society of America, ρ 202 
V 
Bij het bepalen van de abiotische faktoren tijdens een synoecologisch onder­
zoek worden vaak waarden verkregen, die niet representatief /ijn voor de 
feitelijke situatie's, waarin de individuen van de onderzochte populatie ver­
keren 
VI 
De waarnemingen van FROMSON en NEMER wijzen erop dat de 'Informational-
DNA' theorie van BELL onjuist is 
E BELL (1969) Nature 224 326-328 
D FROMSON & M NEMER (1970) Science 168 266-267 
vri 
Het is onjuist om op grond van relatieve verschillen m labelingsvolgorde van 
mannelijke en vrouwelijke X-chromosomen ten opzichte van autosomen, te 
konkluderen dat het mannelijke X-chromosoom zich sneller repliceert dan het 
vrouwelijke X-chromosoom 
H D BERrNDFs(1966) Chromosoma (Beri ) 20 32-43 
E F H O W A R D & W P L A U T (1968) J Cell Biol 39 415-429 
Ш 
E r is reden o m a a n te n e m e n , d a t U D P - g l u c o s e pyrofos fory lase een be lang­
rijke rol speelt bij d e synthese van c e l w a n d m a t e n a a l in d e p o l l e n b u i s 
D В DICKINSON & M D D A V I E S ( I 9 7 1 ) In J Heslop-Harnson, 
ed , Pollen, Development and Physiology Abstr Int Conf 
Pullman, Wash Butterworths, London 
IX 
Er bestaat onvoldoende grond voor de aanname dat bij Olpidium brassicae 
een sexueel proces nodig zou zijn voor de vorming van rustsporen 
I MACFARLANE (1968) VerofTentlichungen des Institutes fur 
Meeresforschung in Bremerhaven 3 39-58 
X 
Het gebruik van éénmalig, uit kunststof vervaardigd materiaal, dat niet door 
mikro-organismen kan worden afgebroken, in laboratoria voor biologische 
research is in strijd met de door biologen gepropageerde principes met be-
trekking tot de milieuhygiëne 
ХГ 
Het beperken van het aantal studenten dat wordt toegelaten tot de studie in 
de biologie, alleen op grond van prognoses omtrent de emplooi-mogelijkheden, 
is te verwerpen 
XII 
Als ontspanningsmiddel is het spelen van bridge aan te bevelen boven het 
kijken naar de televisie 
J L VAN WENT 
22 april 1971 


